A total mixed ration (TMR) containing a blend of feedstuffs naturally contaminated with harmful mycotoxins was fed for 84 days to 24 primiparous and multiparous Holstein-Friesian · local dairy cows in a randomised complete block design. The dietary treatments consisted of a contaminated TMR diet plus various levels of the mycotoxin deactivator product (MDP) (0, 15, 30 or 45 g/head.day). Deoxynivalenol (DON), fumonisin B 1 (FB 1 ), zearalenone (ZON) and ochratoxin A (OTA) were found in the TMR at levels up to 720, 701, 541 and 501 mg/kg, whereas aflatoxin B 1 (AfB 1 ) and T-2 toxin (T-2) were found in the TMR at levels of 38 and 270 mg/kg, respectively. Rumen microbial ecology, ruminal volatile fatty acid (VFA) concentrations, ruminal microorganism populations, feed intake, total tract digestibility, milk yield, milk composition and serum immunoglobulin (Ig) concentrations were measured. The results revealed that the ruminal pH, ruminal ammonia nitrogen (NH 3 -N) concentration, total ruminal VFA concentrations and ruminal bacterial counts were significantly (P < 0.05) higher in supplemented than in non-supplemented cows. Ruminal protozoal counts were significantly (P < 0.05) lower in supplemented than in non-supplemented cows. DM intake, and digestibility of crude protein (CP) and neutral detergent fibre (NDF) were significantly (P < 0.05) higher in supplemented than in non-supplemented cows. Serum IgA concentrations were significantly (P < 0.05) higher in supplemented than in non-supplemented cows. Milk yield and milk protein were significantly (P < 0.05) higher in supplemented than in nonsupplemented cows. On the basis of this experiment, it can be concluded that milk production and feed intake can be increased with the addition of MDP to cow diet in the presence of mycotoxins. These increases were accompanied by decreases in the negative effects of mycotoxins on rumen and immune function.
Introduction
Mycotoxin contamination of dairy feeds is a worldwide problem for farmers as mycotoxins can increase the incidence of disease and reduce production efficiency in cattle (Pier 1992; Coulombe 1993) . AfB 1 reduced cellulose breakdown and production of VFAs and NH 3 both in in vivo and in vitro rumen model systems (Mertens 1977) . Charmley et al. (1993) observed that 40 g/L fatcorrected milk tended to exhibit a quadratic response to DON concentration in the diet (0, 600 and 1200 mg/kg of DON in concentrate DM). Trenholm et al. (1985) recorded a trend towards decreased grain consumption in cows fed a DON-contaminated ration (640 mg/kg in a grain mix). Korosteleva et al. (2007) found that feeds naturally contaminated with Fusarium mycotoxins can affect the metabolic parameters and immunity of dairy cows. Whitlow and Hagler (2008) reported that mycotoxins affect dairy cows by reducing feed consumption, reducing nutrient utilisation, altering rumen fermentation, suppressing immune function, altering reproduction, irritating tissues and causing cellular death.
Mycofix Plus (Biomin GmbH, Herzogenburg, Austria) is one of several products used to counteract the effects of mycotoxins. This MDP is designed to be incorporated into dairy rations at a range between 15 and 30 g/head.day, depending on the mycotoxin contamination level of feedstuffs. Cheng et al. (2006) , Diaz et al. (2005) and Politis et al. (2005) reviewed the effectiveness of this agent and concluded that it has efficacy in counteracting the negative effects of mycotoxins in poultry and swine. Its mode of action is allegedly constituted of three strategies. Polar mycotoxins (e.g. aflatoxins) are adsorbed by the inorganic components, namely, a blend of bentonites and diatomaceous earths in the product (Vekiru et al. 2007 ). Nonabsorbable mycotoxins (e.g. trichothecenes, zearalenone) are biotransformed by biological constituents, namely, Eubacterium strain (BBSH 797) and a yeast strain affiliated to the Trichosporon genus (Trichosporon mycotoxinivorans MTV) (Schatzmayr et al. 2006) . Finally, phycophytic substances derived from a species of sea alga (Ascophyllum nodosum) and plant (Silybum marianum) extracts act to compensate for the adverse conditions created by mycotoxins (Pietri et al. 2009 ). It was hypothesised that milk production and feed intake would increase with the addition of MDP to the cow's diet in the presence of mycotoxins. It was further hypothesised that these increases would be accompanied by decreases in the negative effects of mycotoxins on the rumen and immune function. We investigated the dose-response of the inclusion of this agent on the rumen ecology, immune function and performance of lactating dairy cows fed a TMR containing a blend of feedstuffs naturally contaminated with harmful mycotoxins. These were, therefore, the objectives of the current study.
Materials and methods

Location of the experimental site, animals and diets
The experiment was conducted at the University farm of Rajamangala University of Technology Isan, Sakon Nakhon Campus, Sakon Nakhon, Thailand, during October 2007 -March 2008. Twenty-four primiparous and multiparous (Holstein-Friesian · Red Sindhi crossbred) dairy cows from the Campus dairy herd were enrolled in the study. The average bodyweight (BW) of the experimental animals was 420 kg, and the average daily milk production was 13.7 kg. Average days in milk at the commencement of the experiment ranged from 63 to 93 days. The experiment was a randomised complete block design, with four dietary treatments and six animals per treatment. At the beginning of the experiment, the cows were blocked according to their previous lactation and days in milk. Previous lactation milk productions were used as a covariate. Within a block, the animals were each randomly allocated to one of the four dietary treatments. The trial consisted of a 2-week adaptation period, followed by a 10-week experimental period. Diets were fed as a TMR containing a blend of feedstuffs naturally contaminated with harmful mycotoxins. Rice straw, cassava chip, palm kernel meal, whole cottonseed, fish meal and dried tomato pomace were the main naturally contaminated feedstuffs used in the TMR. The experimental diet was formulated to meet all the nutritional requirements of a 450-kg multiparous Holstein-Friesian crossbred cows producing 16 kg milk/day (NRC 2001) . The ingredients of the experimental diet are presented in Table 1 . The MDP used was obtained from Biomin GmbH. Dietary treatments consisted of an identical TMR diet, plus various levels of the MDP (0, 15, 30 or 45 g/ head.day), as follows:
(1) MDP0 = contaminated TMR (control); (2) MDP15 = contaminated TMR + MDP supplementation at 15 g/head.day;
(3) MDP30 = contaminated TMR + MDP supplementation at 30 g/head.day; and (4) MDP45 = contaminated TMR + MDP supplementation at 45 g/head.day.
All cows received the control diet during the 2-week adaptation period. Cows were housed individually in a stall barn and fed a TMR twice daily at~0900 hours and 1600 hours, in quantities to provide~10% in excess of the expected daily intake for ad libitum consumption. The MDP was divided into two equal portions according to the respective treatments and top-dressed twice daily at~0900 hours and 1600 hours (feeding of the TMR). Cows were given ad libitum access to water. Cows were milked twice daily at~0400 hours and 1500 hours by a milking machine (SACCO 115B, SAC, SA Christensen & Co., Kolding, Denmark). Representative feed samples were taken at the beginning of the experiment and then twice monthly for mycotoxin and nutrient content analyses.
Analysis of dietary mycotoxin and nutrient content
Prior to the commencement of the trial, and then twice monthly, the TMR was analysed for the presence of the most important mycotoxins affecting animal performance and health, namely, AfB 1 , ZON, DON, T-2, OTA and FB 1 . High-performance liquid chromatography (HPLC; Model Water 600; UV detector, Millipore Corporation, Milford, MA, USA) was used for the analysis of all mycotoxins, except T-2, which was analysed using thin-layer chromatography. The non-detected concentrations are based on the detection limits of each toxin, as follows: AfB 1 <4 mg/kg; ZON <32 mg/kg; DON <50 mg/kg; FB 1 <100 mg/kg; T-2 <125 mg/kg; and OTA <2 mg/kg.
Feed samples were dried at 60 C in a forced-draught oven for 48 h and the percentage of DM was calculated. Dry samples were ground with a Wiley mill (2-mm screen) (Thomas Scientific, Goering and Van Soest (1970) .
Experimental measurements and laboratory analyses BW and feed consumption
Cows were weighed on an electronic scale on two consecutive days every week at the same time of day, and the average of the two weights was calculated. Metabolic BW was calculated using the formula BW 0.75 (NRC 2001) . Amounts of TMR fed and feed refusals were individually recorded daily. DM intake as a percentage of BW and metabolic BW were also calculated.
Milk production and collection
Individual milk yield was recorded at every milking and summed for each day. About 50-mL samples of a thoroughly mixed composite of milk (morning and afternoon; 60 : 40 v/v) of individual cows were taken weekly for determination of milk composition. The milk samples were analysed for fat, protein, lactose, solids-not-fat, total solids, using the Milko-Scan FT 6000 (Foss Electric, Hillerod, Denmark); somatic cell counts (SCC) using the Fossomatic 5000 (Foss Electric, Hillerod, Denmark); and milk-urea N (MUN) using Sigma kits #640 (Sigma Diagnostics, St. Louis, MO) (Valadares et al. 1999 ).
Blood collection
Blood was collected from the coccygeal vasculature using the vacutainer system. On the last day of the experiment, one set of blood samples was collected in 6-mL EDTA-coated blood Vacutainer tubes (Becton Dickinson Vacutainer Systems, Franklin Lakes, NJ, USA) for determination of red blood cell (RBC) counts, white blood cell (WBC) counts, and preparation of slides for WBC differentiation. RBC and WBC counts were performed using an electronic cell counter (Sysmax K-800, Toa Medical Instruments, Kobe, Japan). Blood smears were examined microscopically to determine percentages of segmented neutrophil count, lymphocyte count, monocyte count, eosinophil count and basophil count in peripheral blood samples. Vacutainer tubes without anticoagulant were collected for determination of serum Ig concentrations. Blood samples were refrigerated for 1 h and then centrifuged at 3500g for 20 min. Aliquots of serum were harvested from Vacutainer tubes and frozen at À20 C, until analysed for IgG, IgM and IgA concentrations. Concentrations of IgA, IgM and IgG were determined using the radial immunodiffusion technique of Mancini et al. (1965) . On the last day of the experiment, blood samples for analysis of blood-urea N (BUN) were obtained in 6-mL Vacutainer tubes without anticoagulant at 0 and 4 h postfeeding via jugular venipuncture (at the same time as ruminal fluid sampling). The blood samples were refrigerated for 1 h and then centrifuged at 3500g for 20 min. Aliquots of serum were harvested from Vacutainer tubes for the immediate determination of BUN concentration according to the method of Roseler et al. (1993) .
Ruminal fluid collection
On the last day of the experiment, ruminal fluid samples (200 mL) were collected at 0 and 4 h post-feeding (morning feeding) from each cow. Ruminal fluid samples were collected via a stomach tube connected with a vacuum pump; pH and temperature were recorded using a portable pH and temperature meter (HANNA instrument HI 8424 microcomputer, Singapore). Ruminal fluid samples were then strained through three layers of cheesecloth. The strained fluid samples (10 mL) were collected for measurement of the number of total viable bacteria as well as cellulolytic, amylolytic and proteolytic bacteria by the roll-tube technique (Hungate 1969) . The remaining strained fluid samples were then immediately mixed with 5 mL of 2 M H 2 SO 4 to stop microbial activity. Ruminal fluid samples were then centrifuged at 3000g for 10 min and the supernatant (100 mL) was taken and divided into two portions. The first 50-mL portion was kept in a plastic bottle where 5 mL of 1 M H 2 SO 4 was added and frozen (À20 C) for later NH 3 -N and VFA analyses. The second 50-mL portion was kept in a plastic bottle, immediately fixed with 10% formalin solution (1 : 9 v/v, ruminal fluid : 10% formalin) (Galyean 1989 ) and stored at 4 C for later measurement of the ruminal microbial populations. Ruminal fluid was analysed for NH 3 -N by using the hypochlorite-phenol procedure (Beecher and Whitten 1970) and VFA by using HPLC, according to the method of Samuel et al. (1997) . The total direct counts of bacteria, protozoa (holotrichs and entodiniomorphs) and fungal zoospores were made using the methods of Galyean (1989) based on the use of a haemocytometer (Boeco, Hamburg, Germany).
Faecal collection
Faecal samples were collected daily from rectum for the last 3 days of the experiment from each cow. The faeces of each cow was mixed thoroughly, and a subsample (500 g) was dried at 60 C in a forced-draught oven for 48 h. Dry samples were ground with a Wiley mill (2-mm screen). Faecal samples were analysed for DM, OM, ash, EE, N, NDF, ADF (methods cited previously), and acid-insoluble ash by the procedure of Van Keulen and Young (1977) , which was used as an internal indicator to calculate digestion coefficients of the feed.
Statistical analyses
Repeated-measures data over time and within animal were averaged before analysis. The various data were subjected to the ANOVA procedure for a randomised complete block design experiment using the general linear models of the SAS System for Windows (SAS Institute Inc. 1989) , with the following model:
where y ijk = an observation from the ith cow, jth parity, kth treatment; m = the grand mean; P i = effect of the ith parity; T j = effect of the jth treatment; PT ij = effect of the parity by treatment interaction; and C ijk = random experimental error.
Treatment means were compared using least significant difference (l.s.d.) test (Steel and Torrie 1980) . Linear and quadratic effects of increasing levels of MDP in diets were tested using orthogonal contrasts. Significance was declared at P = 0.05. A trend was considered to exist if 0.05 < P 0.10. All means presented are least square means.
Results
Nutrient composition of the experimental diets
The OM, CP, NDF, ADF, ADL, EE and ash of the experimental diet were 925, 153, 380, 274, 29, 38 and 75 g/kg of DM, respectively. This finding indicates that nutrient composition of the experimental diet met all nutrient requirements of a 450-kg multiparous Holstein-Friesian crossbred cow producing 16 kg milk/day (NRC 2001).
Concentrations of major mycotoxins in the experimental diets
DON, FB 1 , ZON and OTA were the major contaminants found in the TMR at concentrations of up to 720, 701, 541 and 501 mg/ kg, whereas AfB 1 and T-2 were the minor contaminants found in the TMR at concentrations of 38 and 270 mg/kg, respectively. This finding is in agreement with Spahr et al. (1999) , Whitlow and Hagler (2005) and Driehuis et al. (2008) who reported that DON has the greatest prevalence in feedstuffs. These findings suggest that the experimental diets are contaminated with harmful mycotoxins. Table 2 shows the results obtained concerning the effects of the level of the MDP supplementation on rumen ecology, BUN and MUN. The ruminal pH was significantly (P < 0.05) higher in supplemented (6.6, 6.6 and 6.7, according to the supplement level) than in non-supplemented (6.1) cows, but there were no significant differences among the supplemented cows, and the pH increased linearly with the increasing level of MDP. Ruminal NH 3 -N concentration was significantly (P < 0.05) higher in supplemented than in non-supplemented cows, but there were no significant differences among supplemented cows; the concentration increased linearly with the increasing level of MDP. There was no difference among treatments for MUN.
Rumen ecology, BUN and MUN
VFA concentrations
The experimental data on VFA concentrations are shown in Table 3 . Total ruminal VFA concentrations were significantly (P < 0.05) higher in supplemented than in non-supplemented cows, but there were no significant differences between MDP15 and MDP45 cows, and the VFA increased linearly with the increasing level of MDP. Molar proportions of ruminal acetate were significantly (P < 0.05) lower in supplemented than in nonsupplemented cows, but there were no significant differences among supplemented cows; the proportions decreased linearly with the increasing level of MDP.
Conversely, molar proportions of propionate were significantly (P < 0.05) higher in supplemented than in nonsupplemented cows, but there were no significant differences between MDP15 and MDP30 cows; the proportions increased linearly with the increasing level of MDP. There was no difference among treatments for molar proportions of butyrate. Inevitably, the results for the acetate : propionate ratio followed the trends for the acetate and propionate levels. The ruminal acetate : propionate ratio was significantly (P < 0.05) lower in supplemented than in non-supplemented cows, but there were no significant differences among supplemented cows, and the ratio decreased linearly with an increasing level of MDP. Acetate proportions were numerically higher, and propionate proportions were numerically lower for nonsupplemented than for supplemented cows, causing an increased acetate:propionate ratio.
Populations of ruminal microorganisms
Ruminal bacterial counts were significantly higher, and increased linearly with the increasing level of MDP, whereas protozoal counts were lower, and decreased linearly with the increasing level of MDP, in supplemented than in non-supplemented cows, but there were no significant differences among supplemented cows. Ruminal fungal-zoospore counts were significantly higher in supplemented than in non-supplemented cows, but there were no significant differences between MDP30 and MDP45 cows, and the counts increased linearly with the increasing level of MDP. Total viable-bacterial counts were significantly higher in supplemented than in non-supplemented cows, but there were no significant differences between MDP30 and MDP45 cows. Amylolytic bacterial counts were significantly higher in supplemented than in non-supplemented cows, but there were no significant differences among supplemented cows. Proteolytic bacterial counts were significantly higher in supplemented than in non-supplemented cows, but there were no significant differences between MDP15 and MDP30, or MDP30 and MDP45 cows. Cellulolytic bacterial counts were significantly higher in supplemented than in non-supplemented cows, but there were no significant differences between MDP30 and MDP45 cows, and they increased linearly with the increasing level of MDP (Table 4) . Table 5 presents the experimental data on feed intake and liveweight change. The DM intake was significantly higher (P < 0.05) in supplemented than in non-supplemented cows, but there were no significant differences among the supplemented cows, and the DM intake increased linearly with the increasing level of MDP. There was no difference among treatments for BW changes. Table 6 shows digestion coefficients. There were no differences among treatments for the digestibility of DM, OM, ADF and EE; however, the digestibility of DM and OM tended to be higher for supplemented than for non-supplemented cows. The digestibility of CP and NDF was significantly higher (P < 0.05) in supplemented than in non-supplemented cows, but there were no significant differences between MDP30 and MDP45 cows, and the digestibility of CP and NDF increased linearly with the increasing level of MDP.
Feed intake and changes in BW
Digestion coefficients
Haematology, serum immunoglobulin concentrations and SCC
The effect of the level of the MDP supplementation on haematology, serum immunoglobulin concentrations and SCC are presented in Table 7 . There was no difference among treatments for the percentage of basophils. RBC counts were significantly (P < 0.05) higher in supplemented than in nonsupplemented cows, but there were no significant differences between MDP15 and MDP30 cows, and RBCs increased linearly with the increasing level of MDP. WBC counts, and percentages of segmented neutrophils, eosinophil, lymphocyte and monocytes were significantly (P < 0.05) higher in supplemented than in non-supplemented cows, but there were no significant differences among supplemented cows, and they increased linearly with the increasing level of MDP. There were no differences among treatments for serum IgG and IgM concentrations. Serum IgA concentrations were significantly (P < 0.05) higher in supplemented than in nonsupplemented cows, but there were no significant differences between MDP30 and MDP45, and the serum IgA concentrations increased linearly with the increasing level of MDP. The SCC were significantly (P < 0.05) lower in supplemented than in nonsupplemented cows, but there were no significant differences between MDP30 and MDP45 cows, and the SCC decreased linearly and quadratically with the increasing level of MDP.
Milk production and composition
Milk yield and milk protein were significantly (P < 0.05) higher in cows fed the supplemented diet than in those fed the control diet, but there were no significant differences among the supplemented cows, and milk yield and protein increased linearly with the increasing level of MDP. Milk production was numerically highest for the MDP45 cows (Table 8 ). There Table 7 . Effect of levels of the mycotoxin deactivator product (MDP) supplementation on haematology, serum Ig concentrations and somatic cell counts (SCC) Ig, immunoglobulin; MDP0, contaminated total mixed ration (TMR) (control); MDP15, contaminated TMR + MDP supplementation at 15 g/head.day; MDP30, contaminated TMR + MDP supplementation at 30 g/head.day; MDP45, contaminated TMR + MDP supplementation at 45 g/head.day. Values within rows followed by the same letter are not significantly different at P = 0.05. *, P < 0.05; n.s., not significant were no differences among treatments for milk fat, lactose, solidsnot-fat or total solids; however, milk fat percentage tended to be higher for supplemented than for non-supplemented cows.
Discussion
Rumen ecology, BUN and MUN
It is interesting to note that the ruminal pH of non-supplemented cows was below 6.2, whereas supplemented cows were in the normal range (6.6-6.7) and stable. Lyle et al. (1981) , Hoover (1986) and Firkins (1996) stated that the pH range for optimal ruminal microbial digestion is 6.5-7.0. The low ruminal pH of the non-supplemented cows may have led to lower NDF digestibility and reduced bacterial populations compared with supplemented cows (Tables 4, 6 ). The higher NH 3 -N concentrations of supplemented cows may be reflected in greater numbers of rumen microbes. The greater number of rumen microbes in the supplemented cows may be explained by the fact that trichothecene toxins, ZON and OTA in experimental diets may be detoxified by the MDP and AfB 1 may be adsorbed by the inorganic components, resulting in the removal of the suppression on microbial growth and activity. These microbes in turn ferment more feed, and generate more VFAs and a greater supply of microbial N for the supplemented cows. This also allows the supplemented cows to consume more feed as it is disappearing from the rumen faster. The experimental diet contained urea which is used as a N source for microbial protein synthesis in the rumen, and as more feed was consumed by supplemented cows, this lead to a higher ruminal NH 3 -N concentration. The present results show that the MDP supplementation increased the NH 3 -N concentration, with NH 3 being the main N source for growth and protein synthesis by ruminal bacteria to achieve maximum fermentation. These results are in agreement with those of Dänicke et al. (2005) who reported an elevation in rumen NH 3 concentration and a reduction in duodenal flow of microbial protein in cows fed DON. Another important finding was that supplementation with MDP in this trial resulted in ruminal NH 3 -N production close to the optimal ruminal NH 3 -N (15-30 mg/dL), as stated by Erdman et al. (1986) , for increasing microbial protein synthesis, feed digestibility and voluntary feed intake. Overall, MUN concentrations were above the recommended maximum of 16 mg/dL .
VFA concentrations
The MDP supplementation had a positive influence in maintaining the ruminal VFA concentrations. The positive effects of the MDP supplementation on total VFA concentrations and molar proportions of individual VFAs could be due to reduced protozoal and increased bacterial populations, since acetate and butyrate are the major fermentation end products of protozoa (Jouany 1994) . The higher propionate concentration may reflect increased propionate, and subsequently increased gluconeogenesis and a higher milk production observed (Table 8) .
Populations of ruminal microorganisms
It is interesting to note that the populations of total bacteria, total fungal zoospores, total viable bacteria, amylolytic bacteria, proteolytic bacteria and cellulolytic bacteria increased, while protozoal population decreased when the diet was supplemented with MDP in the current trial. These results show that the MDP played an important role in changing ruminal microbial populations. A possible explanation for the greater numbers of rumen microbes in supplemented cows, and their subsequent effects have already been discussed previously. Lower populations of ruminal bacteria in non-supplemented cows in the current study were possibly associated with a fall in ruminal pH below 6.2 (Russell and Wilson 1996; Rode 2008) . A fall in ruminal pH of non-supplemented cows may be explained by the fact that toxicity from harmful mycotoxins in contaminated feedstuffs may overwhelm the buffering and absorptive capacity of the animals, leading to reductions in ruminal pH. The lower ruminal pH of non-supplement cows may result from the large amount of fusaric acid produced by various Fusarium toxins in experimental diets, leading to reductions in ruminal pH. It seems possible that the higher ruminal pH of supplemented cows is due to various Fusarium contamination being detoxified by the MDP, resulting in a normal ruminal pH range (6.6-6.7). It is likely, therefore, that the absence of the ruminal protozoal population in supplemented cows in the current study could have affected ruminal microbial Table 8 . Effect of levels of the mycotoxin deactivator product (MDP) supplementation on milk yield and milk composition MDP0, contaminated total mixed ration (TMR) (control); MDP15, contaminated TMR + MDP supplementation at 15 g/head.day; MDP30, contaminated TMR + MDP supplementation at 30 g/head.day; MDP45, contaminated TMR + MDP supplementation at 45 g/head.day. Values within rows followed by the same letter are not significantly different at P = 0.05. *, P < 0.05; n.s., not significant protein synthesis since the major negative impact of protozoa is their effect on ruminant's protein metabolism (Leng 1990; Rode 2008) .
Feed intake and changes in BW
The present findings are in agreement with those of Whitlow and Hagler (2008) , who found that mycotoxins affect dairy cows by reducing feed consumption. Trenholm et al. (1985) recorded a trend towards decreased grain consumption in cows fed a DONcontaminated ration (640 mg/kg in a grain mix). BWs of cows in the current experiment were unaffected by diet. The cows used were mature; thus, all animals in all treatment groups could maintain liveweight throughout the experimental period.
Haematology, serum immunoglobulin concentrations and SCC
Immunoglobulin A is the major Ig in external secretions. In serum, it functions as a second line of defence, mediating the elimination of pathogens that have breached the mucosal surface (Woof and Kerr 2004) . Milk SCC is a widely used marker for both udder health and milk quality (O'Brien et al. 2001) . The lower WBC counts, percentages of segmented neutrophils, eosinophil, lymphocytes, monocytes and concentrations of serum IgA in cows fed the control diet than in those fed the supplemented diet illustrate the immunosuppressive effect of mycotoxins. The higher SCC in cows fed the control diet than in those fed the supplemented diet illustrates the adverse effect of mycotoxins on the udder health of dairy cows. The immune system is a target of several important mycotoxins such as T-2, DON and aflatoxins (Bondy and Pestka 2000) . Aflatoxins can have negative effects on functionality of the immune system, predisposing cattle to infectious diseases. The general effects of aflatoxins on the immune system are related either to cellular response (reduction in phagocytosis of macrophages, lymphoblast genesis, delay of coetaneous hypersensivity) or humoral factors (reduction of IgA and IgG plasma concentration, complement activity, and bactericidal activity of plasma) (CAST 2003) .
The current results are in agreement with those of Whitlow and Hagler (2008) who found that mycotoxins affect dairy cows by suppressing immunity. Gentry et al. (1984) demonstrated a reduction in WBC and neutrophil counts in calves receiving T-2. Korosteleva et al. (2007) found that the reduction in concentrations of serum IgA in cows fed the contaminated diet illustrates the immunosuppressive effect of Fusarium mycotoxins (fumonisins and DON). Mann et al. (1982) showed a decline in total serum IgA in T-2 -treated calves. The results of the present study indicate that the MDP supplementation could positively affect the immune system function and health of dairy cows. The higher WBC counts, percentages of segmented neutrophils, eosinophils, lymphocytes, monocytes and concentrations of serum IgA in cows fed the supplemented diet than in those fed the control diet illustrate the effect of the MDP in supporting the immune system. The lower SCC in cows fed the supplemented diet than in those fed the control diet illustrates the better udder health of the supplemented group. The MDP is provided with a blend of selected brown algae (Ascophyllum nodosum) and plant (Silybum marianum) extracts that are able to eliminate toxinrelated effects by supporting the immune system (Pietri et al. 2009 ). These findings seem to be consistent with Cheng et al. (2006) , Diaz et al. (2005) and Politis et al. (2005) , who reported that the MDP has proven efficacy in the counteraction of the negative impacts of mycotoxins in animal health.
Milk production and composition
These results from the current study indicate that contamination of various mycotoxins in experimental diets that got into the rumen reduced milk production, whereas the MDP supplementation had a positive influence, increasing the milk production. Cheng et al. (2006) , Diaz et al. (2005) and Politis et al. (2005) all similarly reported that MDP counteracted the negative effects of mycotoxins on milk production. Whitlow et al. (1994) found that average milk production was correlated with the level of DON contamination of feedstuffs (500-900 mg/kg). Whitlow and Hagler (2008) reported that mycotoxins affect dairy cows by reducing milk production. However, these findings are in contrast with those of Korosteleva et al. (2007) , who observed that feeding a TMR naturally contaminated with DON (32-36 mg/kg) for 56 days to lactating cows did not cause a reduction in milk production. This inconsistency may be due to the animals in the current trial being fed with a higher level of DON-contaminated TMR (720 mg/kg) and over a longer feeding period (84 days). The higher milk production of supplemented cows in the present study resulted from higher feed intake (Table 5) , which was assumed to supply a higher level of nutrients than that of the non-supplemented cows.
Biologically optimal response
The biologically optimal response to MDP was at the 15 g/head. day dose. Consequently, this was also the economic optimum for the present study.
Conclusions and recommendations
On the basis of the results from the study, it can be concluded that feeds naturally contaminated with harmful mycotoxins can adversely affect the metabolic parameters, immune function and milk production of dairy cows. Milk production and feed intake can be increased with the addition of MDP to cow diet in the presence of mycotoxins. These increases were accompanied by decreases in the negative effects of mycotoxins on the rumen and immune function. As MDP has several potential active constituents, further experiments to ascertain which ones are responsible for which of the observed effects are required.
